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• Assessment of previous work especially mapping, data, stable 
isotopes and fluid inclusions by Vieira, Ribeiro-Rodrigues, Xavier; 
geochronology by Noce and Tassinari; general geology of the 
region e.g. Lobato et al. 2001a, b

• Underground sampling and mapping key features (Cuiabá), core 
logging and sampling (Cuiabá, Lamego, Raposos, Morro Velho), 
petrography, microprobe analysis of carbonates

• Petrography, mineral chemistry and wholerock geochemistry
pertinent to ore genesis and exploration

• Stable isotope geochemistry
• Zircon U-Pb geochronology of cover sequences (Moeda and 

Maquine quartzites)
• Ar-Ar in pyrite geochronology of syn-ore basalt alteration
• Monazite U-Pb geochronology in cover sequence clastics 
• geochemical modelling of ore genesis scenarios
• Fusion with local and regional structural models
• Development of ore genesis model by fusion of the above with 

regional and mine scale structural work



Geochemical Analysis
What do I do with this?

PH05017766 - Finalized
CLIENT : "JAMCOOTV - James Cook University (Townsville)"
# of SAMPLES : 27
DATE RECEIVED : 2005-03-10  DATE FINALIZED : 2005-04-08
PROJECT : "Anglogold Brazilian"
CERTIFICA           ICP-AES results shown. REE's may not be totally soluble in MS61 method."
PO NUMBER : "Per email request D Foster"

Au-AA24 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
SAMPLE Au Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu
DESCRIPT ppm ppm % ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm
CU-74 <0.005 0.18 9.56 5.7 10 0.32 0.05 4.61 0.09 9.5 58.4 207 0.12 51.4
CU-75 0.005 0.22 8.87 4.7 20 0.25 0.04 4.83 0.1 14.5 62.7 225 0.11 26.7
CU-76 <0.005 0.26 9.08 22.6 60 0.26 0.04 2.75 0.1 9.68 58.5 218 0.25 112.5
CU-77a 0.045 0.25 7.33 21.3 500 1.3 0.3 3.78 2.13 40.1 44.4 261 3.18 75.6
CU-77b <0.005 0.21 8.34 67.5 180 0.91 0.03 1.45 0.06 27.4 65.7 252 3.17 73.7
CU-78a 0.137 2.07 6.93 497 230 2.25 2.88 1.96 27.2 68.1 101 259 4.06 234
CU-78b 0.072 1.48 10.35 22.8 360 3.59 1.04 2.21 10.05 111.5 53.4 316 8.43 245
CU-79a 3.84 0.45 0.17 >10000 10 0.24 0.17 4.04 0.11 2.05 41.1 <1 0.09 10.4
CU-79b 1.19 0.25 0.25 2150 <10 0.08 0.11 8.6 0.1 2.62 21.2 26 0.09 152
CU-81a <0.005 0.18 6.73 59 440 0.85 0.07 4.02 0.1 44.3 48.1 70 4.04 72.3
CU-81b <0.005 0.14 6.55 56.5 80 0.77 0.04 5.22 0.06 18.2 32 59 2.84 48.2
CU-81c 0.009 0.15 5.15 47.2 40 0.5 0.05 9.07 0.06 18.85 38.3 46 1.74 69.6
CU-81d <0.005 0.1 0.79 30 40 0.1 0.02 26.3 0.1 7.24 8 <1 0.39 0.2
MV-13d 0.05 0.61 3.01 369 120 0.61 0.59 7.03 0.13 53.8 40.4 148 2.13 243
MV-14a 0.007 0.12 2.67 110 10 0.23 0.12 14.1 0.09 8.56 13 97 0.18 2.7
MV-14b <0.005 0.14 7.67 234 40 0.64 0.1 4.76 0.08 27.8 38.1 359 2.25 1.4
MV-14c 0.275 0.31 4.23 1145 10 0.2 0.33 0.77 0.06 20.4 16.8 142 0.23 76.8

Exploration geochemistry is only truly useful if it is placed 
in the context of a comprehensive understanding of the 
geochemistry of the ore forming system 



Structural model of Holcombe et al: refolded folds 
(strains too low to support sheath fold model for Cuiabá)
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fold axes



CU18 graphitic carbonatic schist, 300m into 
hangingwall, Cuiabá deephole

Regional foliation)

Early fabric preserved
in carbonate porphyroblast

Syn-foliation carb qtz boudin infill



Geochronology – Iron Quadrangle
• Pyrite-white mica from mineralized footwall 

basalt at Cuiabá (Ar-Ar in pyrite, timing of ore-
proximal alteration and sulphides)



Geochronology – Iron Quadrangle
U-Pb SHRIMP (zircon) on 

overlying sandstones (Moeda 
and Maquine) and on mafic dyke 
cutting ore at Cuiabá (April Pickard, 

Mark Barley, UWA)

U-Pb EMPA 
(monazite) on 
same sandstones
(Paul Evins, JCU)

Pyrite

Included
mica

Pyrite

Matrix mica

Laser ablation Ar-
Ar on alteration-

related white mica 
included in ore 

minerals
(John  Miller, Dave 

Phillips, U. Melb)
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Tbl1 0374AB MP11-278.5

		Table 1. Summary of U-Pb zircon SHRIMP results for sample MP11-278.5 m (Mount 0374AB), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		B374.2-1		145		84		0.60		0.10		0.268		±		0.4		0.157		±		0.7		0.658		±		2.9		24.26		±		3.0		99		3292		±		6

		A374.4-1		119		93		0.80		0.09		0.262		±		0.5		0.214		±		1.5		0.624		±		2.9		22.44		±		3.0		96		3252		±		9

		B374.3-1		152		170		1.16		0.09		0.258		±		0.4		0.311		±		0.5		0.649		±		2.9		23.00		±		2.9		100		3229		±		6

		A374.3-1		71		1		0.01		0.13		0.251		±		0.6		0.004		±		9.3		0.617		±		3.0		21.22		±		3.1		97		3182		±		10

		B374.4-1		207		133		0.66		0.11		0.231		±		0.3		0.180		±		0.5		0.598		±		2.9		18.97		±		2.9		99		3053		±		6

		A374.10-1		148		124		0.87		0.12		0.230		±		0.4		0.235		±		0.6		0.595		±		2.9		18.80		±		3.0		99		3046		±		7

		A374.7-1		437		215		0.51		0.06		0.229		±		0.2		0.137		±		0.5		0.586		±		2.9		18.47		±		2.9		98		3043		±		4

		B374.5-1		334		376		1.16		0.04		0.229		±		0.3		0.315		±		0.3		0.591		±		2.9		18.63		±		2.9		98		3042		±		4

		A374.1-1		140		164		1.21		0.12		0.229		±		0.4		0.328		±		0.5		0.587		±		2.9		18.48		±		3.0		98		3041		±		7

		A374.2-1		128		45		0.37		0.00		0.228		±		0.5		0.100		±		1.0		0.569		±		2.9		17.88		±		3.0		96		3036		±		7

		A374.15-1		129		79		0.63		0.24		0.229		±		0.4		0.176		±		0.7		0.573		±		2.9		17.97		±		3.0		96		3033		±		8

		A374.5-1		213		66		0.32		0.05		0.227		±		0.3		0.089		±		1.2		0.595		±		2.9		18.60		±		2.9		99		3028		±		6

		A374.12-1		74		11		0.15		0.17		0.226		±		0.6		0.045		±		2.0		0.578		±		3.0		17.92		±		3.1		97		3016		±		11

		A374.11-1		82		31		0.39		0.18		0.226		±		0.6		0.105		±		1.1		0.583		±		3.0		18.04		±		3.1		98		3013		±		10

		A374.9-1		142		104		0.76		0.05		0.199		±		0.5		0.208		±		0.7		0.544		±		2.9		14.91		±		3.0		99		2818		±		8

		A374.14-1		192		115		0.62		0.22		0.200		±		0.4		0.166		±		1.3		0.517		±		2.9		14.14		±		3.0		95		2814		±		8

		B374.1-1		102		60		0.61		0.34		0.199		±		0.5		0.171		±		0.9		0.518		±		3.0		14.05		±		3.0		96		2799		±		11

		A374.13-1		19		15		0.85		0.21		0.236		±		1.2		0.228		±		1.7		0.570		±		3.4		18.45		±		3.7		94		3086		±		22

		A374.6-1		490		6		0.01		0.10		0.233		±		0.2		0.005		±		6.3		0.553		±		2.9		17.69		±		2.9		93		3066		±		4

		A374.8-1		149		117		0.81		0.10		0.200		±		0.5		0.219		±		0.7		0.492		±		2.9		13.54		±		3.0		91		2823		±		8

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Tbl2 0371A MR5-190.8

		Table 2. Summary of U-Pb zircon SHRIMP results for sample MR5-190.8 m (Mount 0371A), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		A371.3-1		125		124		1.02		0.03		0.314		±		0.3		0.270		±		0.4		0.719		±		1.5		31.14		±		1.5		99		3541		±		5

		A371.7-1		68		32		0.48		0.12		0.261		±		0.4		0.129		±		0.8		0.651		±		1.6		23.37		±		1.6		100		3249		±		7

		A371.10-1		90		97		1.11		0.13		0.259		±		0.4		0.293		±		1.3		0.654		±		1.5		23.32		±		1.6		100		3237		±		7

		A371.8-1		64		71		1.14		0.14		0.259		±		0.5		0.302		±		0.6		0.658		±		1.6		23.40		±		1.6		101		3234		±		8

		A371.16-1		201		230		1.18		0.05		0.257		±		0.3		0.313		±		0.3		0.651		±		1.4		23.03		±		1.5		100		3226		±		4

		A371.6-1		26		26		1.03		0.30		0.258		±		0.8		0.277		±		0.9		0.648		±		1.8		22.87		±		2.0		100		3221		±		15

		A371.1-1		76		47		0.64		0.26		0.249		±		0.5		0.173		±		0.7		0.645		±		1.9		21.95		±		1.9		101		3164		±		9

		A371.5-1		156		60		0.40		0.06		0.226		±		0.3		0.106		±		0.6		0.594		±		1.5		18.47		±		1.5		99		3022		±		5

		A371.15-1		422		46		0.11		0.02		0.225		±		0.2		0.030		±		1.1		0.590		±		1.4		18.31		±		1.4		99		3017		±		3

		A371.4-1		216		45		0.21		0.03		0.225		±		0.4		0.058		±		0.7		0.607		±		1.4		18.81		±		1.5		101		3016		±		6

		A371.18-1		190		119		0.65		0.05		0.225		±		0.5		0.171		±		0.4		0.609		±		1.4		18.86		±		1.5		102		3015		±		7

		A371.9-1		131		97		0.77		0.10		0.225		±		0.3		0.210		±		0.5		0.598		±		1.5		18.46		±		1.5		100		3010		±		6

		A371.12-1		69		52		0.78		0.15		0.214		±		0.5		0.212		±		1.3		0.565		±		1.8		16.54		±		1.8		99		2924		±		9

		A371.11-1		116		81		0.72		0.12		0.210		±		0.4		0.194		±		0.8		0.562		±		1.5		16.18		±		1.5		99		2897		±		7

		A371.14-1		104		68		0.68		0.10		0.210		±		0.4		0.183		±		0.6		0.563		±		1.5		16.22		±		1.6		99		2896		±		7

		A371.13-1		161		87		0.56		0.03		0.208		±		0.3		0.152		±		0.5		0.574		±		1.5		16.46		±		1.5		101		2890		±		5

		A371.17-1		342		102		0.31		0.16		0.199		±		0.4		0.089		±		0.4		0.493		±		1.4		13.44		±		1.5		92		2808		±		7

		A371.2-1		419		27		0.07		8.01		0.277		±		4.6		0.280		±		21.8		0.712		±		3.7		21.34		±		11.6		117		2960		±		177

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Tbl3 0373A MR5-177.7

		Table 3. Summary of U-Pb zircon SHRIMP results for sample MR5-177.7 m (Mount 0373A), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		A373.19-1		94		43		0.48		0.11		0.269		±		0.5		0.134		±		1.6		0.652		±		4.6		24.12		±		4.6		98		3296		±		8

		A373.18-1		219		252		1.19		0.10		0.227		±		0.3		0.324		±		0.5		0.591		±		4.2		18.46		±		4.2		99		3028		±		6

		A373.17-1		75		65		0.90		0.23		0.224		±		0.6		0.242		±		0.8		0.592		±		4.3		18.15		±		4.3		100		2998		±		10

		A373.2-1		111		55		0.51		0.15		0.205		±		0.5		0.138		±		0.8		0.545		±		1.6		15.30		±		1.7		98		2856		±		10

		A373.7-1		85		46		0.56		0.23		0.198		±		0.6		0.155		±		0.9		0.518		±		1.6		13.99		±		1.8		96		2791		±		12

		A373.1-1		103		41		0.42		0.01		0.189		±		0.6		0.117		±		0.9		0.504		±		1.6		13.13		±		1.7		96		2734		±		10

		A373.4-1		118		23		0.20		0.13		0.188		±		0.5		0.056		±		1.2		0.510		±		1.6		13.12		±		1.6		98		2713		±		9

		A373.22-1		119		59		0.51		0.13		0.187		±		0.6		0.144		±		0.9		0.501		±		4.2		12.86		±		4.3		97		2709		±		10

		A373.8-1		141		96		0.70		0.38		0.188		±		0.6		0.197		±		0.7		0.497		±		1.5		12.68		±		1.7		96		2699		±		14

		A373.10-1		130		118		0.93		0.18		0.186		±		0.5		0.256		±		0.7		0.510		±		1.5		12.94		±		1.6		99		2691		±		9

		A373.21-1		290		140		0.50		0.06		0.181		±		0.7		0.136		±		0.6		0.529		±		4.2		13.16		±		4.3		103		2656		±		12

		A373.3-1		155		63		0.42		0.11		0.181		±		0.5		0.115		±		0.8		0.493		±		1.5		12.24		±		1.6		97		2653		±		8

		A373.20-1		66		122		1.89		0.10		0.179		±		0.7		0.529		±		0.7		0.483		±		4.3		11.88		±		4.4		96		2638		±		13

		A373.9-1		137		91		0.68		0.14		0.179		±		0.5		0.191		±		0.7		0.474		±		1.5		11.65		±		1.6		95		2636		±		9

		A373.5-1		162		85		0.54		0.18		0.179		±		0.5		0.150		±		0.7		0.497		±		1.7		12.18		±		1.8		99		2632		±		9

		A373.15-1		279		174		0.64		0.03		0.178		±		0.4		0.175		±		0.8		0.484		±		4.2		11.83		±		4.2		97		2628		±		6

		A373.16-1		89		124		1.44		0.11		0.177		±		0.6		0.400		±		0.7		0.493		±		4.2		11.95		±		4.3		99		2616		±		11

		A373.11-1		194		149		0.79		0.03		0.175		±		0.4		0.224		±		0.6		0.477		±		4.2		11.51		±		4.2		96		2606		±		8

		A373.13-1		155		119		0.79		0.47		0.178		±		0.7		0.232		±		1.1		0.482		±		4.2		11.59		±		4.3		98		2600		±		15

		A373.14-1		276		217		0.81		0.13		0.174		±		0.4		0.231		±		0.5		0.471		±		4.3		11.23		±		4.4		96		2586		±		8

		A373.12-1		212		82		0.40		0.13		0.184		±		0.6		0.118		±		0.8		0.468		±		4.2		11.83		±		4.2		92		2683		±		11

		A373.6-1		307		38		0.13		0.16		0.279		±		0.3		0.039		±		0.9		0.528		±		1.4		20.21		±		1.5		82		3350		±		5

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Tbl4 0373B MR5-82.69

		Table 4. Summary of U-Pb zircon SHRIMP results for sample MR5-82.69 m (Mount 0373B), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		B373.10-1		233		139		0.62		0.01		0.213		±		0.4		0.169		±		0.5		0.574		±		4.2		16.88		±		4.2		100		2932		±		7

		B373.8-1		263		91		0.36		0.10		0.213		±		0.3		0.100		±		1.1		0.547		±		4.2		15.97		±		4.2		96		2919		±		5

		B373.4-1		142		137		0.99		0.14		0.206		±		1.0		0.267		±		0.6		0.540		±		4.3		15.22		±		4.5		97		2863		±		17

		B373.12-1		266		98		0.38		0.02		0.190		±		0.3		0.104		±		0.6		0.537		±		4.2		14.07		±		4.2		101		2742		±		6

		B373.7-1		237		187		0.82		0.05		0.187		±		0.4		0.225		±		0.5		0.515		±		4.4		13.26		±		4.4		99		2715		±		7

		B373.11-1		362		261		0.74		0.03		0.186		±		0.3		0.205		±		0.7		0.513		±		4.2		13.11		±		4.2		99		2701		±		5

		B373.2-1		117		50		0.44		0.27		0.186		±		0.6		0.128		±		2.2		0.484		±		4.2		12.26		±		4.3		95		2686		±		12

		B373.1-1		232		216		0.96		0.08		0.183		±		1.1		0.264		±		0.8		0.532		±		4.2		13.41		±		4.3		103		2677		±		19

		B373.5-1		422		231		0.57		0.03		0.180		±		0.4		0.157		±		0.6		0.492		±		4.2		12.16		±		4.2		97		2646		±		7

		B373.3-1		243		233		0.99		0.15		0.178		±		0.7		0.283		±		0.5		0.474		±		4.3		11.59		±		4.4		95		2627		±		13

		B373.16-1		99		77		0.80		0.20		0.184		±		0.6		0.222		±		0.8		0.477		±		4.2		11.97		±		4.3		94		2672		±		11

		B373.6-1		378		105		0.29		0.11		0.187		±		0.5		0.083		±		0.7		0.483		±		4.2		12.43		±		4.2		94		2712		±		8

		B373.9-1		313		248		0.82		0.09		0.181		±		0.3		0.222		±		0.8		0.465		±		4.2		11.55		±		4.2		93		2655		±		5

		B373.14-1		135		114		0.87		0.03		0.181		±		0.5		0.244		±		0.7		0.461		±		4.2		11.45		±		4.2		92		2655		±		9

		B373.20-1		204		91		0.46		0.09		0.183		±		0.4		0.138		±		0.6		0.456		±		4.2		11.47		±		4.2		91		2673		±		6

		B373.15-1		80		63		0.82		0.03		0.184		±		0.9		0.230		±		1.1		0.451		±		4.3		11.41		±		4.4		89		2686		±		16

		B373.17-1		175		155		0.92		0.27		0.180		±		0.5		0.262		±		0.7		0.424		±		4.2		10.37		±		4.3		87		2630		±		11

		B373.13-1		131		85		0.67		0.42		0.232		±		0.6		0.186		±		1.0		0.502		±		4.2		15.85		±		4.3		86		3044		±		12

		B373.18-1		212		89		0.43		0.41		0.211		±		0.8		0.119		±		1.2		0.469		±		4.2		13.45		±		4.3		86		2891		±		15

		B373.19-1		236		51		0.22		0.24		0.187		±		0.7		0.063		±		1.6		0.415		±		4.2		10.57		±		4.3		83		2697		±		12

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Summary

		Maquine all		Moeda all				MP11-278.5 m		MR5-190.8 m		NF001		RH 318		RH 327B		RH 327C		MR5-177.7 m		MR5-82.69 m				Moeda		frequency		Rio Las Vehalas		frequency		Maquine		frequency		CU52 Ar		frequency

																										2480		0		2480		0		2480		0		2480		0

																										2500		0		2500		0		2500		0		2500		0

																										2520		0		2520		0		2520		0		2520		3

																										2540		0		2540		0		2540		0		2540		0

																										2560		0		2560		0		2560		0		2560		0

								Maquine or Rio Das Velhas		Maquine or Rio Das Velhas		Maquine		Maquine		Maquine		Maquine		Moeda Unit 2		Moeda Unit 3				2580		1		2580		0		2580		0		2580		4

		3317		3296				3292		3541		3317		2941		3308		3009		3296		2932				2600		1		2600		0		2600		0		2600		1

		3250		3028				3252		3249		3250		2904		3270		2870		3028		2919				2620		1		2620		0		2620		0		2620		0

		3227		2998				3229		3237		3227		2869		3111		2869		2998		2863				2640		2		2640		0		2640		0		2640		0

		3218		2856				3182		3234		3218		2866		3063		2864		2856		2742				2660		1		2660		0		2660		0		2660		0

		3030		2791				3053		3226		3030		2825		2906		2861		2791		2715				2680		2		2680		0		2680		1		2680		0

		2951		2734				3046		3221		2951		2799		2866		2861		2734		2701				2700		3		2700		0		2700		1		2700		0

		2880		2713				3043		3164		2880		2784		2836		2855		2713		2686				2720		5		2720		0		2720		1		2720		0

		2874		2709				3042		3022		2874		2774		2836		2855		2709		2677				2740		4		2740		0		2740		2		2740		0

		2863		2699				3041		3017		2863		2751		2776		2855		2699		2646				2760		0		2760		0		2760		7		2760		0

		2857		2691				3036		3016		2857		2860		2776		2844		2691		2627				2780		0		2780		0		2780		8		2780		0

		2798		2656				3033		3015		2798		2763		2768		2843		2656		2672				2800		4		2800		1		2800		5		2800		0

		2795		2653				3028		3010		2795		2773		2766		2840		2653		2712				2820		0		2820		3		2820		1		2820		0

		2785		2638				3016		2924		2785		3270		2765		2804		2638		2655				2840		0		2840		0		2840		5		2840		0

		2779		2636				3013		2897		2779		2704		2746		2720		2636		2655				2860		4		2860		0		2860		13		2860		0

		2773		2632				2818		2896		2773				3198		2682		2632		2673				2880		0		2880		0		2880		3		2880		0

		2756		2628				2814		2890		2756								2628		2686				2900		2		2900		0		2900		5		2900		0

		2754		2616				2799		2808		2754								2616		2630				2920		1		2920		1		2920		0		2920		0

		3320		2606				3086		2960		3320								2606		3044				2940		6		2940		0		2940		1		2940		0

		2747		2600				3066				2747								2600		2891				2960		0		2960		0		2960		2		2960		0

		3541		2586				2823												2586		2697				2980		0		2980		0		2980		0		2980		0

		3249		2683																2683						3000		1		3000		0		3000		1		3000		0

		3237		3350																3350						3020		1		3020		9		3020		0		3020		0

		3234		2932																						3040		1		3040		5		3040		1		3040		0

		3226		2919																						3060		0		3060		2		3060		1		3060		0

		3221		2863																						3080		0		3080		1		3080		0		3080		0

		3164		2742																						3100		0		3100		0		3100		0		3100		0

		3022		2715																						3120		0		3120		0		3120		1		3120		0

		3017		2701																						3140		0		3140		0		3140		0		3140		0

		3016		2686																						3160		0		3160		1		3160		0		3160		0

		3015		2677																						3180		0		3180		1		3180		0		3180		0

		3010		2646																						3200		0		3200		0		3200		1		3200		0

		2924		2627																						3220		0		3220		1		3220		2		3220		0

		2897		2672																						3240		0		3240		5		3240		0		3240		0

		2896		2712																						3260		0		3260		1		3260		1		3260		0

		2890		2655																						3280		0		3280		0		3280		2		3280		0

		2808		2655																						3300		1		3300		1		3300		1		3300		0

		2960		2673																						3320		0		3320		0		3320		2		3320		0

		3317		2686																						3340		0		3340		0		3340		0		3340		0

		3250		2630																						3360		1		3360		0		3360		0		3360		0

		3227		3044																						3400		0		3400		0		3400		0		3400		0

		3218		2891																						3450		0		3450		0		3450		0		3450		0

		3030		2697																						3500		0		3500		0		3500		0		3500		0

		2951																								3550		0		3550		1		3550		0		3550		0
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 Tbl5 0373C NF001

		Table 5. Summary of U-Pb zircon SHRIMP results for sample NF001 (Mount 0373C), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		C373.8-1		223		117		0.54		0.15		0.273		±		0.4		0.145		±		0.6		0.648		±		1.5		24.31		±		1.5		97		3317		±		6

		C373.5-1		240		34		0.15		0.11		0.261		±		0.4		0.039		±		1.1		0.654		±		1.5		23.48		±		1.6		100		3250		±		6

		C373.1-1		147		172		1.20		0.16		0.258		±		0.5		0.321		±		0.5		0.653		±		1.6		23.11		±		1.7		100		3227		±		8

		C373.16-1		131		70		0.55		0.08		0.256		±		0.4		0.148		±		0.7		0.641		±		1.6		22.56		±		1.6		99		3218		±		7

		C373.11-1		137		90		0.68		0.17		0.228		±		0.5		0.181		±		0.7		0.583		±		1.6		18.25		±		1.6		98		3030		±		9

		C373.9-1		75		18		0.25		0.33		0.218		±		0.7		0.069		±		1.4		0.569		±		1.7		16.93		±		1.9		98		2951		±		13

		C373.3-1		532		104		0.20		0.04		0.207		±		0.3		0.054		±		0.6		0.539		±		1.4		15.37		±		1.5		97		2880		±		4

		C373.13-1		105		111		1.10		0.14		0.207		±		0.6		0.295		±		0.7		0.539		±		1.6		15.30		±		1.7		97		2874		±		10

		C373.19-1		272		274		1.04		0.03		0.205		±		0.3		0.284		±		0.4		0.553		±		1.5		15.59		±		1.5		99		2863		±		5

		C373.10-1		125		43		0.36		0.23		0.206		±		0.5		0.097		±		1.0		0.541		±		1.6		15.20		±		1.7		98		2857		±		10

		C373.18-1		57		35		0.63		0.28		0.199		±		0.7		0.172		±		1.2		0.541		±		1.7		14.65		±		1.9		100		2798		±		13

		C373.14-1		175		177		1.05		0.01		0.196		±		0.5		0.290		±		0.5		0.532		±		1.5		14.39		±		1.6		98		2795		±		7

		C373.6-1		153		64		0.43		0.21		0.197		±		0.6		0.117		±		0.9		0.532		±		1.7		14.31		±		1.9		99		2785		±		11

		C373.15-1		90		57		0.65		0.23		0.196		±		0.9		0.181		±		0.9		0.523		±		1.6		14.00		±		1.9		98		2779		±		17

		C373.7-1		145		58		0.41		0.09		0.194		±		0.5		0.111		±		0.8		0.526		±		1.5		14.03		±		1.6		98		2773		±		9

		C373.17-1		105		72		0.70		0.18		0.193		±		0.6		0.190		±		0.8		0.527		±		1.6		13.91		±		1.7		99		2756		±		11

		C373.12-1		178		39		0.23		0.32		0.194		±		0.5		0.068		±		3.2		0.494		±		1.5		13.05		±		1.7		94		2754		±		13

		C373.2-1		260		231		0.92		0.12		0.273		±		0.3		0.231		±		0.4		0.617		±		1.5		23.20		±		1.5		93		3320		±		5

		C373.4-1		198		142		0.74		0.28		0.193		±		0.5		0.197		±		0.6		0.458		±		1.5		12.02		±		1.6		88		2747		±		10

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Tbl6 0372AB RH318

		Table 6. Summary of U-Pb zircon SHRIMP results for sample RH 318 (Mount 0372AB), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		B372.10-1		81		61		0.77		0.13		0.216		±		0.5		0.212		±		0.8		0.555		±		4.2		16.44		±		4.3		97		2941		±		9

		B372.1-1		131		121		0.95		0.04		0.210		±		0.4		0.258		±		0.6		0.572		±		4.2		16.55		±		4.2		100		2904		±		7

		A372.1-1		154		78		0.52		0.06		0.206		±		0.4		0.140		±		1.9		0.576		±		4.2		16.32		±		4.2		102		2869		±		6

		A372.9-1		584		287		0.51		0.03		0.205		±		0.2		0.138		±		0.4		0.551		±		4.2		15.57		±		4.2		99		2866		±		3

		A372.2-1		333		206		0.64		0.06		0.200		±		0.3		0.175		±		0.6		0.573		±		4.2		15.79		±		4.2		103		2825		±		5

		A372.8-1		115		92		0.82		0.18		0.198		±		0.5		0.230		±		1.3		0.519		±		4.2		14.07		±		4.2		96		2799		±		9

		B372.5-1		63		29		0.48		0.01		0.195		±		0.6		0.134		±		1.1		0.541		±		4.3		14.54		±		4.3		100		2784		±		11

		B372.4-1		131		73		0.57		0.08		0.194		±		0.6		0.157		±		0.7		0.540		±		4.2		14.42		±		4.2		100		2774		±		10

		B372.9-1		113		111		1.02		0.20		0.193		±		0.5		0.278		±		0.7		0.534		±		4.2		14.07		±		4.2		100		2751		±		9

		A372.3-1		258		234		0.94		0.03		0.204		±		0.3		0.236		±		0.6		0.514		±		4.2		14.48		±		4.2		94		2860		±		6

		A372.7-1		358		128		0.37		0.04		0.193		±		0.3		0.100		±		0.6		0.491		±		4.2		13.03		±		4.2		93		2763		±		5

		B372.8-1		253		304		1.24		0.12		0.195		±		0.3		0.343		±		0.4		0.494		±		4.2		13.18		±		4.2		93		2773		±		6

		B372.2-1		467		214		0.47		0.07		0.264		±		0.3		0.134		±		0.4		0.582		±		4.2		21.19		±		4.2		90		3270		±		5

		B372.3-1		720		73		0.10		0.13		0.187		±		0.2		0.036		±		5.9		0.334		±		4.1		8.56		±		4.2		69		2704		±		4

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Tbl7 0372C RH327B

		Table 7. Summary of U-Pb zircon SHRIMP results for sample RH 327B (Mount 0372C), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		C372.4-1		266		185		0.72		0.03		0.271		±		0.3		0.190		±		0.9		0.681		±		2.9		25.39		±		2.9		101		3308		±		4

		C372.7-1		80		67		0.87		0.07		0.264		±		0.5		0.234		±		0.8		0.653		±		3.0		23.76		±		3.0		99		3270		±		9

		C372.14-1		357		138		0.40		0.05		0.239		±		0.3		0.107		±		0.5		0.620		±		2.9		20.42		±		2.9		100		3111		±		4

		C372.1-1		215		114		0.55		0.02		0.232		±		0.3		0.148		±		0.6		0.601		±		2.9		19.18		±		2.9		99		3063		±		5

		C372.3-1		46		12		0.27		0.38		0.213		±		0.8		0.080		±		2.4		0.565		±		3.1		16.37		±		3.2		99		2906		±		15

		C372.15-1		94		42		0.46		0.15		0.206		±		0.5		0.126		±		1.0		0.564		±		3.0		15.92		±		3.0		101		2866		±		10

		C372.11-1		444		99		0.23		0.07		0.202		±		0.2		0.063		±		0.6		0.544		±		2.9		15.10		±		2.9		99		2836		±		4

		C372.9-1		65		22		0.35		0.31		0.204		±		0.7		0.097		±		1.3		0.558		±		3.0		15.47		±		3.1		101		2836		±		13

		C372.5-1		43		43		1.03		0.28		0.196		±		0.8		0.281		±		1.1		0.542		±		3.1		14.50		±		3.2		101		2776		±		15

		C372.12-1		49		22		0.46		-0.01		0.194		±		0.8		0.124		±		1.4		0.555		±		3.1		14.84		±		3.2		103		2776		±		14

		C372.13-1		123		113		0.95		0.33		0.196		±		0.5		0.257		±		0.8		0.520		±		2.9		13.83		±		3.0		97		2768		±		11

		C372.2-1		132		132		1.04		0.10		0.194		±		0.5		0.282		±		0.9		0.539		±		2.9		14.34		±		3.0		101		2766		±		8

		C372.8-1		132		99		0.78		0.20		0.194		±		0.5		0.219		±		0.7		0.532		±		2.9		14.12		±		3.0		99		2765		±		10

		C372.10-1		165		76		0.48		0.11		0.191		±		0.5		0.135		±		2.0		0.510		±		2.9		13.40		±		3.0		97		2746		±		8

		C372.6-1		295		144		0.50		0.09		0.253		±		0.3		0.146		±		0.5		0.583		±		2.9		20.27		±		2.9		93		3198		±		5

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.





Tbl8 0372D RH327C

		Table 8. Summary of U-Pb zircon SHRIMP results for sample RH 327C (Mount 0372D), using 204Pb-corrected data.

																																																																																																												----------------- 204 corrected -----------------

																																						Age(Ma)

		Grain-		U		Th		Th		4f206		207*				err		208*				err		206*				err		207*				err		conc.		207*				err

		area †		(ppm)		(ppm)		U		(%)		206*				%		206*				%		238				%		235				%		%		206*				1s

		D372.7-1		44		26		0.62		0.23		0.226		±		1.1		0.166		±		1.3		0.583		±		3.1		18.00		±		3.3		98		3009		±		19

		D372.5-1		493		514		1.08		0.03		0.206		±		0.2		0.295		±		0.3		0.561		±		2.9		15.90		±		2.9		100		2870		±		4

		D372.13-1		320		141		0.45		0.14		0.206		±		0.3		0.128		±		0.5		0.563		±		2.9		15.94		±		2.9		100		2869		±		6

		D372.9-1		282		161		0.59		0.21		0.206		±		0.3		0.164		±		0.6		0.567		±		2.9		15.99		±		2.9		101		2864		±		6

		D372.1-1		121		76		0.65		0.16		0.206		±		0.5		0.180		±		0.7		0.563		±		2.9		15.85		±		3.0		101		2861		±		9

		D372.10-1		311		185		0.61		0.08		0.205		±		0.3		0.169		±		0.5		0.555		±		2.9		15.63		±		2.9		99		2861		±		5

		D372.6-1		356		160		0.46		0.07		0.204		±		0.3		0.127		±		0.5		0.546		±		2.9		15.34		±		2.9		98		2855		±		5

		D372.3-1		346		183		0.55		0.13		0.205		±		0.3		0.150		±		0.5		0.560		±		2.9		15.72		±		2.9		100		2855		±		5

		D372.12-1		353		167		0.49		0.10		0.204		±		0.3		0.133		±		0.7		0.549		±		2.9		15.41		±		2.9		99		2855		±		6

		D372.4-1		137		66		0.50		0.11		0.203		±		0.6		0.140		±		1.1		0.528		±		3.0		14.71		±		3.0		96		2844		±		11

		D372.15-1		430		329		0.79		0.11		0.203		±		0.4		0.221		±		0.4		0.533		±		2.9		14.84		±		2.9		97		2843		±		6

		D372.2-1		577		398		0.71		0.06		0.202		±		0.3		0.195		±		0.5		0.536		±		2.9		14.91		±		2.9		97		2840		±		5

		D372.14-1		551		428		0.80		0.08		0.198		±		0.2		0.224		±		0.3		0.448		±		2.9		12.18		±		2.9		85		2804		±		4

		D372.11-1		697		528		0.78		0.15		0.189		±		0.3		0.221		±		0.8		0.337		±		2.9		8.72		±		2.9		69		2720		±		5

		D372.8-1		640		158		0.25		0.13		0.184		±		0.3		0.074		±		0.7		0.330		±		2.9		8.34		±		2.9		69		2682		±		5

		† The first number represents the grain and the second to the analysed areas

		4f206 denotes (common 206Pb)/(total measured 206Pb)

		conc.  %  denotes 100t(206Pb/238U)/t(207Pb/206Pb)

		*  Radiogenic  lead

		Uncertainties  are 1s unless otherwise specified

		Pb-correction based on Broken Hill galena.
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				CARBONATE C-O ISOTOPES, THIS STUDY												T calculations based on various fractionations reported in Mumin et al 1996; the ones for siderite and ankerite are not well validated

				Italics: Ribiero-Rodrigues thesis (repeated below)												approx		approx

						Location										d18Ofluid 300°C		calc d13c fluid @ 300°C

		siderites				(m in Cuiaba deep hole)				d13C		d18Osmow		d13C						%carb		d13C (org)

				standard				NM95		1.57		25.1		1.57						100

		hangingwall				738.5m		cu14 sid		-6.5		15.5		-6.5		9.5		-7.4		73								qtz-carb vein in graphitic schist

						1244m		cu49 sid		-4.6		15.7		-4.6		9.7		-5.5		58		Mn subs.						porphs in metased or tuff

						1207m		cu19 sid		-4.5		16.2		-4.5		10.2		-5.4		72								qtz-carb vein in tuff

		Non-ore BIF				FGS		cu4c sid		-1.6		19.9		-1.6		13.9		-2.5		10								BIF-Lapa Seca, partly sulphidised and silicified?

				CB247		GalinheiroN7		Host BIF sid		-4.27		12.76		-4.27		6.8		-5.2

				CB95		CantagaloN11		Host BIF sid		-1.85		15.99		-1.85		10.0		-2.8

				CB28C		SerrotinhoN5		Host BIF sid		-3.7		15.44		-3.7		9.4		-4.6

		BIF ore				B		cu38a sid		-7.4		15.6		-7.4		9.6		-8.3		7								silicified (black) BIF? (dark ore)

						B		cu41b sid		-7.2		18.5		-7.2		12.5		-8.1		7								silicified BIF? or schist (ore)

						B		cu38b sid		-8.4		15.1		-8.4		9.1		-9.3		11								silicified (buff) BIF (pale ore) with py-rich layers

						FG		RR ore BIF sid		-4.5		15.5		-4.5		9.5		-5.4

				CBSERRN5		SerrotinhoN7		Ore sid		-6.74		14.84		-6.74		8.8		-7.6

				CB67B		FGS N7		ore sid		-7.4		10.6		-7.4		4.6		-8.3

				CB49C		FGS N8		ore sid		-6		14.8		-6		8.8		-6.9

				CBBALN11		Balancao		ore sid		-7.2		13.14		-7.2		7.1		-8.1

				CB245		GalinheiroN11		ore sid		-7.61		13.45		-7.61		7.5		-8.5

		veins		CB202		FGSN7		qz-carb-Au vein		-6.24		13.44		-6.24		7.4		-7.1

				CB203		FGSN8		qz-carb-Au vein		-6.33		14.47		-6.33		8.5		-7.2

		ankerites

				ankerites		B		cu42a ank		-7.2		12.4		-7.2						99

		basalt				1370m		cu21 ank		-5.3		12.0		-5.3		8.4		-8.1		23								carb-altered metabasalt

						1578m		cu32 ank		-3.9		13.0		-3.9		8.0		-6.2		83								qtz-carb vein in chloritic metabasalt

						FGS		cu6 ank		-6.3		12.7		-6.3		9.0		-4.8		86								qtz-carb vein in chl-ser altered metabasalt

						1626m		cu33 ank		-6.1		11.6		-6.1		8.7		-7.2		85								in qtz-alb-carb-po late vein in contact with BIF and metabasalt

						1635.5m		cu36 ank		-8.4		10.8		-8.4		7.6		-7.0		93								ser-carb altered metabasalt

						B		RR alt mafic ank		-6.3		13.3		-6.3		9.4		-8.6

						FG		RR alt mafic ank		-6.7		13.6		-6.7		9.3		-7.2

		blk shale				261m		cu 10 ank		-6.1		11.6		-6.1		6.8		-9.3		87								qtz-carb vein along contact between graphitic schist and metabasalt?

		tuff				B		RR pelite ank		-7.7		13.4		-7.7		7.6		-7.0		74								qtz-carb-chl-py vein in tuff?

		bif host		CB28C		SerrotinhoN5		Host BIF ank		-7.14		13.24		-7.14		9.6		-7.6

		ore		CB67A		FGS N7		Ore ank		-7.22		11.87		-7.22		9.2		-8.0

				CB67B		FGS N7		ore ank		-6.99		14.05		-6.99		7.9		-8.1

				CB77C		FGS N7		ore ank		-7.98		12.6		-7.98		10.1		-7.9

				CB49C		FGS N8		ore ank		-7.68		12.73		-7.68		8.6		-8.9

				CBBALN11		Balancao		ore ank		-7.31		11.76		-7.31		8.7		-8.6

				CB245		GalinheiroN11		ore ank		-7.42		12.26		-7.42		7.8		-8.2

				CURPX1A		FGSN7		brx - pele?		-6.94		12.62		-6.94		8.3		-8.3

				CURPX1B		FGSN8		brx - pele?		-8.07		13.41		-8.07		8.6		-7.8

										cc		cc		cc

		calcites								d13Cpdb		d18Osmow		d13Cpdb

				CB247		GalinheiroN7		Host BIF cc		-2.11		13.72		-2.11

				CB95		CantagaloN11		Host BIF cc		-1.74		14.8		-1.74

				CB247		FGS-N7		barren carb veinlet		-0.22		13.37		-0.22

				CBSERRN5		SerrotinhoN7		Ore cc		-7.07		14.44		-7.07

				CB202		FGSN7		qz-carb-Au vein		-5.49		15.26		-5.49

				CURPX3		FGSN7		barren qz-carb vein		-7.95		13.25		-7.95

		graphites						LA6								8.5				1		d13C (org)				O		d13C CO2

								CU7																		for plotting

								CU41A														-26.0				8.5		-13.0		Lamego folded black sulphidic shale

								CU41C														-26.6				8.5		-13.6		FGS hangingwall blk shale

								CU35														-23.4				8.5		-10.4		Balançao hangingwall blk shale

								CU36														-24.7				8.5		-11.7		Balançao blk shale smeared into BIF

								CU1B														-22.8				8.5		-9.8		1630.5m Cuiaba deep hole HW blk shale

								CU22														-24.2				8.5		-11.2		1635.5m Cuiaba deephole blk shale

						average																-28.4				8.5		-15.4		Level 7 Balancao blk shale HW

						stdev																-24.5				8.5		-11.5		Deep hole blk shale in ore

																						-25.1				8.5		-12.1

																						1.7

				CARBONATE C-O ISOTOPES, RIBIERO-RODRIGUES

												d18Osmow						d18Opdb								calc d13C fluid		approx 350°C

				Ribeiro-		B		RR ore BIF												RR ore BIF		-22.3		3		-8.3

				Rodrigues		FG		RR ore BIF												RR ore BIF		-19.8		3		-5.8

						FG		RR ore BIF sid		-4.5		25.3		-4.5				-5.4		RR ore BIF sid		-16.4		3		-2.4

						B		RR Fg blk shale												RR Fg blk shale		-22.6		2		-8.6

						FGS		RR Fg blk shale												RR Fg blk shale		-21.1		2		-7.1

						GS		RR Fg blk shale												RR Fg blk shale		-21.4		2		-7.4

						B		RR pelite												RR pelite		-15.8		1		-1.8

						B		RR pelite ank		-7.7		22.0		-7.7				-8.6		RR pelite		-15.8		1		-1.8

						B		RR alt mafic ank		-6.3		23.4		-6.3				-7.2

						FG		RR alt mafic ank		-6.7		23.0		-6.7				-7.6

				CARBONATE C-O ISOTOPES, Roberto Xavier

										cc		cc		cc				sid		sid		dol		dol

										d13Cpdb		d18Osmow		d13Cpdb				d13Cpdb		d18Osmow		d13Cpdb		d18Osmow

				CB247		GalinheiroN7		Host BIF cc		-2.11		13.72		-2.11				-4.27		12.76

				CB95		CantagaloN11		Host BIF cc		-1.74		14.8		-1.74				-1.85		15.99

				CBSERRN5		SerrotinhoN7		Ore cc		-7.07		14.44		-7.07		sid		-6.74		14.84

				CB202		FGSN7		qz-carb-Au vein		-5.49		15.26		-5.49				-6.24		13.44

				CB203		FGSN8		qz-carb-Au vein										-6.33		14.47

				CURPX3		FGSN7		barren qz-carb vein		-7.95		13.25		-7.95

				CB247		FGS-N7		barren carb veinlet		-0.22		13.37		-0.22

										ank		ank		ank

				CB28C		SerrotinhoN5		Host BIF ank		-7.14		13.24		-7.14				-3.7		15.44

				CB67A		FGS N7		Ore ank		-7.22		11.87		-7.22

				CB67B		FGS N7		ore ank		-6.99		14.05		-6.99				-7.4		10.6

				CB77C		FGS N7		ore ank		-7.98		12.6		-7.98								-8		12.6

				CB49C		FGS N8		ore ank		-7.68		12.73		-7.68				-6		14.8

				CBBALN11		Balancao		ore ank		-7.31		11.76		-7.31				-7.2		13.14

				CB245		GalinheiroN11		ore ank		-7.42		12.26		-7.42				-7.61		13.45

				CURPX1A		FGSN7		brx - pele?		-6.94		12.62		-6.94								-7.08		15.24

				CURPX1B		FGSN8		brx - pele?		-8.07		13.41		-8.07

				CARBONATE C-O ISOTOPES, OTHER TERRAINS

				Yilgarn		Mcnaughton et al 1990		mafics		-2.7 to -7.3				-2.7 to -7.3

				BIF Canada		Wyman et al 1986				-1 to -3		11 to 16		-1 to -3

				Lapland/Kittila Patison et al. unpubl						-1 to -9		10 to 14		-1 to -9

				QUARTZ O-ISOTOPES, THIS STUDY

								CU4C QTZ				17.6						d18O H2o at 300°C

								CU4A QTZ				18.8						10.8

								CU46 QTZ				14.5						12.0

								CU41C QTZ				14.9						7.7

								CU38A QTZ				14.8						8.1

								CU41A QTZ				14.8						8.0

								CU34 QTZ				12.1						8.0

								RA 7 QTZ				13.7						5.3

								RA 15 QTZ				15.3						6.9

																		8.5
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2.6 - 3.7

3.2-4.6

3.3 - 4.7

2.8-3.2

Balançao
1.7-
5.4

3.2 - 4.9
5.2 - 9.5

7.8
1.6 - 3.2

S isotopes
• S in ores was derived 

from same source as in 
basalts

• S in black shales has 
influenced local ore 
d34S values

• But magmatic/basaltic 
S signature penetrates 
just into immediate 
hangingwall black 
shales - consistent with 
these shales acting as 
a cap

• Py-po abundance 
means that SO4-H2S 
fractionation effects 
can be ignored; i.e. 
d34S sulphides ≈ d34S 
fluid

pelites

Black shales

BIFs

basalts
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HCh: geochemical modelling package

Advantages for ore deposit studies:
• Powerful and flexible algorithm generator that can 

be used to model a wide range of geological (fluid-
rock) scenarios (up to 5 kbar, 1000°C)

• Well maintained high PT thermodynamic datatset 
that is available online (FreeGs).

• Thermodynamic data for wide range of metals, 
metal complexes and S.

• Close collaboration with code developer(s) that 
provides greater potential in future development 
directions – industry focus and user interface.



HCh concept

A+BA B

Control

Input

P-T Path

Output
Minerals, 
bulk 
chemistry 
etc



Creating an ore fluid: equilibrate a simple fluid with basalt –
when assemblage matches, this is a possible ore fluid 

Fresh 
Basalt [1]

Increased 
mass of brine

act

chl

plag

ep

ttn

qtz

po
cc

mt

ms

corrut

Ore Fluid

T = 380oC, P = 3kb

Rock
dominated

Fluid
dominated



BIF Alteration and Gold deposition
1kg Basalt + 
10kg Ore 
Fluid

300oC 2kb1 kg rock

Model 1

Model 2

Model 3

Model 4

Qtz-Mt BIF w/ Carbonate

Qtz-Mt BIF

Qtz-Mt BIF

Qtz-Mt BIF + 5% Graph Shale

Graph 
shale



qtz

hm

mt

sid

gr

py

anh

Model 1: Infiltration of pre-
carbonated qtz-mt BIF

muscovite

calcite

chlorite



qtz

hm

mt
sid

gr

py

Gold

anh

Model 2: Infiltration of fresh qtz-mt 
BIF (no pre-carbonate alteration)

gold



Model 3: Infiltration of fresh qtz-mt 
BIF with graphitic shale in middle

chl

bt

sid

kfs

po
qtz

mt



Model 3: Infiltration of fresh qtz-mt 
BIF with graphitic shale in middle

sid

ms

py

qtz

hm

Limit of 
Infiltration (at 
Wave 40)



Model 4
• Infiltrate ore fluid through BIF with 5% 

graphitic shale distributed through out.
• Causes reduced assemblages 

throughout and without the oxidised 
assemblages at the most distal portion. 

• Good match between model and reality 
but probably not enough sulfidation

• Extra sulfur – magmatic sulfur from 
depth?



Model 4: Infiltration of fresh qtz-mt 
BIF mixed with 5% graphitic shale

sid

py

qtz

po

D
A

BC

E

Fresh unifiltrated 
qtz-mt BIF + shale

Rock buffered fluid 
at infiltration front

Carbonation front 
and Po-zone with 
destruction of rock 
graphite

Pyrite-Carbonate 
alteration zone

Conduit proximal 
py-qtz-sid and 
hydrothermal 
graphite

Gold: 1g/t

arsenopyrite

Gold is lower grade and more 
distributed: need more sulfur and gold 
in fluid than modelled – extra source?



?

Mantle or lower crustal heat & fluid
source + extra fluid and gold?



Moeda deposition ?



Key finding Potential impact on exploration and mine development

Weak Ag anomalism detected 
in hangingwall sediments 
above Cuiabá and Lamego

PIMA work on micas, with corresponding mineral chemistry 
(electron probe) should be trialled to see if a quicker 
exploration method exists for distal ore signals.

K, As, S, Au, Ba, CO2 added 
to BIFs and proximal 
footwall basalts by external 
fluid; Ag, Sb and Si leached 
from distal footwall basalts; 
Fe, Ca, C, Zn, Cr, Mn, Mo 
lost from mineralized BIFs

Only useful for exploration in footwall basalts and BIFs; 
PIMA/radiometrics for K alteration intensity and mica 
chemistry may be the cheapest method of detection. High S and 
As also distinctive for both ore-proximal basalts and BIFs. 
Feeders are potentially recognisable at mine scales.

Geochemical models require 
intercalated black shales in 
BIF, S isotopes and geochem 
also indicate hangingwall 
black shales acted as a 
trap/cap

Black shales are crucial. These deposits must have good black 
shale association for high grade, otherwise the 
magnetite/siderite cannot cause sufficient sulfidation and gold 
deposition. Black shale S isotopes (if BIF hasn’t been detected 
in core but black shale has) could potentially indicate ore 
proximity: 5 to 10‰ = distal, 3 to 5‰ = proximal

• Main exploration outcome: recognise F1 hinges, then target BIFs with     
intimately associated graphitic schists

• Main mining outcome: recognition of feeder structures can help with            
prediction of down-plunge orebody extensions. Pay attention to graphitized BIF



The end.
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